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The activity of homologous fibroblasts decreases after the serum 
composing their medium has  been heated at  56  °  and  70°C.,  while 
under the same cultural conditions, the rate of migration of heterol- 
ogous fibroblasts increases.  1  The better growth of heterologous tissue 
in heated serum is probably due to the destruction of alexin.  But 
the cause of the decreased activity of homologous tissue is still un- 
known.  It may be attributed to the disappearance of alexin or of 
some other factor which should have, in  common with  alexin,  the 
property of being thermolabile.  Therefore, an attempt was made to 
ascertain whether factors other than heat might bring about simul- 
taneous  changes in  the  inhibiting  action  of  serum  on  homologous 
fibroblasts,  and in its alexinic activity.  The purpose of the experi- 
ments  described in this article was to study the effect of serum inacti- 
vated by shaking, on the growth of fibroblasts. 
I° 
Action of Shaken Serum on Foreign Erythrocytes and on  Homologous 
Fibroblasts. 
Serum was obtained from plasma of  chickens about  1 year old, 
sealed in Pyrex tubes, and shaken at low speed for periods varying 
from 1 to 8 hours.  It became more or less opalescent and, after cen- 
trifugation, a  slight precipitate settled at  the bottom of the tube. 
The  volume of  the  precipitate varied  according to individual  dif- 
ferences in the animals.  It was never very large, and the variations 
of the refractive index of the serum before and after shaking were 
1 Carrel, A., and Ebeling, A. H., Y. Exp. Med., 1922, xxxv, 647. 
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always slight.  There was practically no difference in the H  ion con- 
centration of the fluid.  The lyric action of serum on foreign cells 
was  ascertained with  sheep  corpuscles.  Fibroblasts  obtained  from 
TABLE  I. 
Action of Shaken  Chicken  Serum on Homologous Fibroblasts and Sheep 
Erythrocytes. 
Experi-  Serum  Time  Culture 
meut No.  No.  shaken.  No. 
1406 
1429 
1737 
1737 
1746 
1758 
1758 
Rate of growth of 
fibmblasts. 
Normal  Shaken 
settle.  Set  um  . 
]1r$. 
1  1445  2.00  1.50 
1  1445  2.00  1.00 
1  1445  4.00  2.00 
1  1445  3.00  1.50 
24967  3.48  2.97 
24967  2.40  1.67 
24967  3.59  2.50 
25071  2.80  2.70 
25071  3.54  2.89 
25071  3.82  1.69 
1741  4.76  1.39 
1741  3.47  0.83 
28374  3.36  2.62 
28374  3.28  2.11 
28374  3.21  2.72 
28374  2.50  1.76 
1750  1.60  0.01 
1750  2.26  0.01 
1751  3.19  1.82 
1751  3.90  1.01 
1751  5.50  5.30 
1761  3.00  2.00 
1761  2.00  1.50 
Hemolysis of sheep corpuscles. 
Concen-  Amount of hemolysis. 
tration of 
serum.  Normal  Shaken 
~I~L~.  set.tin. 
20  10  5 
50  50  18 
70  90  35 
10  45  0 
20  100  0 
20  80  70 
30  100  100 
1798  5.41  4.50  10  10  5 
1798  3.59  1.00  20  40  15 
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pure  cultures of a  10  year old strain were used for measuring the 
effect of chicken serum on homologous cells.  The medium consisted 
of one volume of normal plasma, two volumes of shaken serum, and 
one volume of shaken serum containing 1:20 embryo juice.  In  the 
controls,  the shaken serum  was  replaced  by  normal  serum.  The 
rate  of growth  was  measured according to  a  technique previously 
described  .2 
Five sera, shaken from 1 to 8 hours, were examined (Table I).  They 
were partly inactivated as shown by the hemolytic tests.  In one case, 
inactivation was complete.  The inhibiting  action of shaken serum 
on fibroblasts was always found to be at least 30 per cent greater than 
that  of  unshaken serum.  In  the  experiment in  which  serum was 
completely inactivated, the differences in the action of both shaken 
and unshaken sera were still more marked (Table I, Experiment 4). 
It was evident that partial or complete inactivation by shaking had a 
marked restraining effect on the activity of homologous fibroblasts. 
II. 
Action of Shaken Serum on Foreign  Erythrocytes  and on Foreign 
Fibroblasts. 
Fresh dog serum, shaken in  the same manner as chicken serum, 
became slightly opaque  and partly inactivated  (Table II).  Its in- 
TABLE  II. 
Action of Shaken Dog Serum on Chicken Fibroblasts and Sheep Erythrocytes. 
Experi- 
ment No. 
SerlLm 
No. 
1396 
1300 
1428 
Time 
shaken. 
3 
3 
Culture 
No. 
1402 
1402 
1423 
1423 
1434 
1434 
Rate of growth of 
fibroblasts. 
N'orma  Shaker 
serum  serum. 
3.5  4.5 
2.5  4.0 
2.0  8.0 
3.0  7.0 
2.0  3.5 
2.0  3.0 
Hemolysis of sheep corpuscles. 
Concen- 
tratlon of 
serum. 
per cent 
10 
2O 
Amount of  hemolysis. 
Norms  Shaken 
serum,  sel-tHn, 
per ce~  per c*nt 
100  25 
85  7 
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hibiting action was tested upon chicken fibroblasts taken from stock 
cultures of a  10  year old  strain,  and found very much decreased. 
The average width of the ring of new tissue was about twice as large 
in shaken as in unshaken serum.  It appeared that dog serum partly 
inactivated by shaking became a  much better medium for chicken 
fibroblasts. 
III. 
DISCUSSION  AND  CONCLUSIONS. 
The preceding experiments showed that partial or complete inac- 
tivation of serum by shaking brought about a marked decrease in the 
activity of homologous fibroblasts.  Generally, serum was not com- 
pletely inactivated by shaking.  In only one instance was the hemo- 
lytic effect of chicken serum on sheep corpuscles entirely lost after 
the serum had been shaken for 8 hours.  In all other cases, the nor- 
mal hemolytic power of chicken and dog sera for sheep erythrocytes 
was  merely decreased.  The  effect of  shaking varied  according to 
certain conditions of the serum.  It may be compared to the influence 
of heat, which differs widely according to individual sera, even when 
they are  obtained from animals which are  apparently in  identical 
condition.  Shaken serum always inhibited the activity of homolo- 
gous fibroblasts more than normal serum.  When chicken serum was 
completely inactivated by shaking, its restraining action on chicken 
fibroblasts became also more marked.  On  the contrary, dog serum 
partly inactivated by shaking was much less toxic for chicken fibro- 
blasts than normal serum.  Thus, shaking brought about a  change 
in the condition of serum, against which homologous and heterologous 
fibroblasts reacted in an opposite manner.  At the same time,  the 
normal lytic action of serum on foreign erythrocytes decreased. 
This last phenomenon is caused, as is well known, by the partial 
or complete destruction of alexin.  The decrease of the restraining 
effect of shaken serum on foreign fibroblasts may be attributed to the 
same cause.  The increase of the inhibiting action of shaken serum 
on homologous fibroblasts is due possibly to the disappearance of a 
substance  favoring  the  activity  of  homologous  cells.  A  similar 
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inhibiting action of serum under the influence of senescence*  and of 
heat. 1  The restraining power of adult serum on cell multiplication 
may  be  due  to  the  antagonistic  action  of  growth-promoting and 
growth-inhibiting substances, the growth-promoting substance being 
as unstable as alexin and certain tissue juices which have the prop- 
erty of increasing the rate of cell proliferation.  Alexin and growth- 
activating  substances  contained  in  embryonic  and  gland  tissue 
juices have in common the property of being destroyed by heat and 
by  shaking.  Leucocytes added  to  serum  under  certain conditions 
increase its hemolytic power on foreign erythrocytes and decrease its 
inhibiting action on homologous fibroblasts.  Variations in the alex- 
inic activity of serum under other influences are followed also by a 
change in its action on homologous cells.  Long ago, Gengou  4 found 
that serum from plasma is less bactericidal than serum from blood. 
We observed that the lyric effect on sheep erythrocytes of dog and 
chicken serum from blood was sometimes more marked than that of 
serum from plasma, but there was often no difference in the action of 
both sera.  At the same time, the growth of homologous fibroblasts 
was always more extensive in the serum from blood.  The opposite 
effect was observed when heterologous fibroblasts were used.  The 
growth-inhibitlng power of serum from blood  was  still  less marked 
on leucocytes than on fibroblasts.  But embryonic juice, which greatly 
enhances the rate of multiplication of homologous cells, did not in- 
crease the lyric action of serum on foreign erythrocytes. 
It may be concluded that, under the conditions of the experiments: 
1.  Chicken  serum  partly  or  completely inactivated  by  shaking 
becomes more inhibiting for chicken fibroblasts. 
2.  Dog serum partly inactivated by shaking becomes less inhibit- 
ing for chicken fibroblasts. 
8 Carrel, A., and Ebeling, A. H., J. :Exp. Med., 1921, xxxiv, 599. 
4 Gengou,  0., Ann. Inst. Pasteur, 1901, xv, 232. 